Wear consideration in gear design for space applications by Townsend, Dennis P. & Akin, Lee S.
NASA AVSCOM 
Technical Memorandum 10 1457 Technical Report 88-C-033 
Wear Consideration ih Gear Design 
for Space Applications 
--- - - - ( E A S A - I M -  70 1457) 
L E S l G h  FCfi S P E C k  E E F L Z C A T I C B S  (AASd) 8 P 
Y E A K  C O B S J C E C A 3 X C #  IN GEAB ti89- 154 14 
CSCL 131 
Unclas  
63/37 0 18792 1 
Lee S. Akin 
California State University 
Long Beach, California 
and 
Dennis P. Townsend 
Lewis Research Center 
Cleveland, Ohio 
Prepared for the 
Fifth International Power Transmission and Gearhg Conference 
sponsored by the American Society af Mechanical Engineers 
Chicago, Illinois, April 25-27, 1989 
US ARM 
AVlATlO 
SYSTEMS COMMAND 
AVIATION R6T ACTIVITY 
https://ntrs.nasa.gov/search.jsp?R=19890006043 2020-03-20T04:48:52+00:00Z
WEAR CONSIDERATION I N  GEAR DESIGN FOR SPACE APPLICATIONS 
Lee S. A k i n  
C a l i f o r n i a  S t a t e  U n i v e r s i t y  
Long Beach, C a l i f o r n i a  90815 
and 
Dennis P.  Townsend 
N a t i o n a l  Ae ronau t i cs  and Space A d m i n i s t r a t i o n  
Lewis Research Center  
C leve land ,  Oh io  44135 
ABSTRACT 
2.J 
-7 
a. A procedure  i s  d e s c r i b e d  t h a t  was deve loped for 
e v a l u a t i n g  t h e  wear i n  a s e t  o f  gears  i n  mesh under 
h i g h  l o a d  and low r o t a t i o n a l  speed. The method can be 
used fo r  any low-speed gear  a p p l i c a t i o n ,  w i t h  n e a r l y  
n e g l i g i b l e  o i l  f l l m  t h i c k n e s s ,  and 1 s  e s p e c i a l l y  u s e f u l  
i n  space s t e p p i n g  mechanism a p p l i c a t i o n s  where de te rm i -  
n a t i o n  o f  p o i n t i n g  e r r o r  due to  wear i s  i m p o r t a n t ,  such 
as i n  l o n g  l i f e  sensor an tenna d r i v e s .  
A method i s  developed for t o t a l  wear dep th  a t  t h e  
w i t h  t h e  s l i d e  t o  r o l l  r a t i o  Vs/Vr.  A method i s  a l s o  
t r a n s m i s s i o n  e r r o r  a l s o  known as p o i n t i n g  e r r o r  o f  a 
gear mesh. 
n 
l ends o f  t h e  l i n e  o f  a c t i o n  u s i n g  a v e r y  s imp le  f o r m u l a  
1 deve loped t h a t  uses t h e  wear r e s u l t s  t o  c a l c u l a t e  t h e  
INTRODUCTION 
Gears used i n  space a p p l i c a t i o n s  a r e  u s u a l l y  
t hough t  o f  as " i n s t r u m e n t  gea rs "  w i t h  n e g l i g i b l e  l o a d  
t h a t  must m a i n t a i n  p o s i t i o n  accuracy  th roughou t  t h e i r  
o p e r a t i o n a l  l i f e  o r  as d e p l o y m e n t l a c t u a t o r  gears  t h a t  
may have i n e r t i a l  loads  b u t  a v e r y  low number o f  d u t y  
c y c l e s .  
power d r i v e s  a r e  emerging on  t h e  space mechanisms scheme 
such as d r i v e s  f o r  weather s a t e l l i t e s  where p o i n t i n g  
accu racy  (as i n  i n s t r u m e n t s )  as w e l l  as s u b s t a n t i a l  
i n e r t i a l  l o a d  a re  imposed due t o  momentum compensated 
an tennas.  T h i s  t ype  of d r i v e  may a l s o  have a con t inuous  
d u t y  c y c l e  fo r  up t o  10 y e a r s .  Such d r i v e s  cannot  be 
c o r r e c t e d  by  use of a n t i - b a c k l a s h  dev i ces  because t h i s  
c o n t r i b u t e s  t o  more wear as a r e s u l t  o f  t h e  a d d i t i o n a l  
a n t i - b a c k l a s h  dev i ce  l o a d i n g  s p r i n g s .  Also " p o s i t i o n  
accuracy"  i s  n o t  c o r r e c t e d  by  such dev i ces  t h a t  a r e  
s t i l l  s u b j e c t e d  t o  severe  wear. 
m ize  wear e f f e c t s  due t o  gear  r a t i o  and p r o v i d e  addendum 
m o d i f i c a t i o n  t h a t  w i l l  m in im ize  t h e  t o o t h  wear r a t e .  
T h i s  paper desc r ibes  a method t h a t  has been developed 
fo r  a n a l y z i n g  t h e  t o t a l  gear  t o o t h  wear and i t s  e f f e c t  
on p o i n t i n g  accuracy .  The r e s u l t s  can a l s o  be used t o  
ana lyze  t h e  r e s u l t i n g  e f f e c t  on gear  dynamic l o a d i n g .  
More and more f r e q u e n t l y  t h e  combined i n s t r u m e n t /  
A gear  arrangement must be dev i sed  t h a t  w i l l  m i n i -  
APPROACH TO SOLUTION 
Be fo re  d e s c r i b i n g  a d e t a i l e d  a n a l y t i c a l  approach, 
i t  i s  necessary  t o  unders tand t h e  background assumptions 
and a n a l y s i s  c o n d i t i o n s  assumed. F i r s t  o f  a l l  t h e r e  a r e  
t h r e e  l u b r i c a t i o n s  regimes (Pe te rson .  1980) i n  geared 
d r i v e s :  ( 1 )  Boundary ( a l l  a s p e r i t y  c o n t a c t  - no  f i l m ) ,  
( 2 )  mixed, and ( 3 )  f u l l  f i l m  ( n o  a s p e r i t y  c o n t a c t ) .  
T h i s  paper w i l l  dea l  w i t h  wear i n  t h e  boundary l u b r i c a -  
t i o n  reg ime o n l y .  Wear i n  t h e  f u l l  f i l m  l u b r i c a t i o n  
reg ime i s  n e g l i g i b l e .  
Second I t  i s  presumed t h a t  peop le  d e s i g n i n g  gears  
for  space a p p l i c a t i o n s  w i l l  have a gear des ign  computer 
program f r o m  wh ich  parameters can be p u l l e d  fo r  use i n  
t h e  a n a l y s i s  p resen ted  h e r e i n .  T h i s  saves c o n s i d e r a b l e  
t i m e  and a l l o w s  use o f  t h e  s i m p l i f i e d  method p resen ted  
a t  t h e  end o f  t h i s  paper .  
A k i n ,  1973) i s  t o  c o n s i d e r  t h a t  wear can c o n s i s t  o f  one 
o r  more o f  t h e  f o l l o w i n g  modes ( 1 )  l ow speed l u b r i c a t e d  
wear, ( 2 )  p i t t i n g  i n i t i a t e d  wear, ( 3 )  a b r a s l v e  wear, 
and ( 4 )  s c u f f i n g  o r  s c o r i n g  t h a t  my e v e n t u a l l y  l e a d  t o  
s e i z u r e .  On ly  l u b r i c a t e d  low speed adhes ive  wear i s  
cons ide red  i n  t h i s  paper .  The s e c t i o n s  t o  fo l low pro-  
v i d e  a q u a n t i t a t i v e  a n a l y s i s  o f  low speed adhes ive  wear 
i n  gea rs .  A l though  spur  gea rs  a r e  used he re  as t h e  
example case, t h e  method p r e s e n t e d  would be a p p l i c a b l e  
t o  o t h e r  t ypes  of gears .  
The c o n v e n t i o n a l  approach t o  wear (Dud ley ,  1962 and 
DEVELOPMENT OF THE THEORY 
The boundary l u b r i c a t i o n  reg ime i s  d e f i n e d  q u a n t i -  
t a t i v e l y  as gears  o p e r a t i n g  a t  a speed and l u b r i c a n t  
v i s c o s i t y  such t h a t  t h e  lambda r a t i o  ( A )  i s  l e s s  than 
0 . 4  ( 0  < X 5 0.4)  where: 
L u b r i c a n t  EHD f i l m  t h i c k n e s s  
Composi te A s p e r i t a l  RMS h e i g h t  x =  
Th is  a l l o w s  
i n t e r a c t  i o n  
Real i z 
i s  due t o  s 
F i g .  1, t h e  
( 1 )  
t h e  assumpt ion  t h a t  s u b s t a n t i a l  a s p e r i t y  
e x i s t s  as i t h e  case.  
ng t h a t  t h e  subs tance of wear i n  gea r  a c t i o n  
i d i n g  a l o n g  t h e  l i n e  o f  a c t i o n ,  as shown i n  
s l i d e - t o - r o  1 r a t i o  ( a l s o  known as s p e c i f i c  
1 
s l i d i n g )  and the  compressive s t r e s s  must be c a l c u l a t e d .  
The necessary  fo rmulas  may be found i n  Gay (1970) and 
o t h e r  re fe rences .  t o  de te rm ine  t h e  s l i d i n g  d i s t a n c e  pe r  
pass a t  any p o i n t  on t h e  t o o t h  p r o f i l e .  
wear equa t ion  (Rab inowicz ,  1965) w i l l  be used t o  c a l c u -  
l a t e  dep th  wear ( h )  as f o l l o w s  
The Archard  
KWNX 
h = -  
3PAa where 
The H e r t z i a n  band of c o n t a c t  (b )  may be de termined 
by t h e  method o f  Dudley (1954 or 1984):  
where 
K wear c o e f f i c i e n t  (d imens ion less )  
WN 
X t o t a l  s l i d i n g  d i s t a n c e  ( f o r  t o t a l  l i f e )  
p 
A, 
The wear c o e f f i c i e n t  ( K )  i s  de termined e x p e r i m e n t a l l y  
b u t  u s u a l l y  f a l l s  w i t h i n  t h e  range o f  3 ~ 1 0 - ~  t o  
6 . 7 ~ 1 0 - 5  for  l u b r i c a t e d  gears  and as h i g h  as 1 . 7 ~ 1 0 - 3  
for c l e a n  u n l u b r i c a t e d  su r faces  (Pe te rson ,  1980) i n  an 
e a r t h  env i ronment .  
t h e  a p p l i e d  to rque  ( T I  as f o l l o w s  
l o a d  normal t o  t h e  t o o t h  ( a l o n g  l i n e  o f  a c t i o n )  
f low p ressu re  o f  s u b s t r a t e  (hardness)  
apparent  a rea  o f  c o n t a c t  ( H e r t z i a n  a rea )  
The normal l o a d  W N  i s  u s u a l l y  c a l c u l a t e d  f rom 
T T w _ - - -  
N - Rb - R cos @ 
where 
( 3 )  
Rb 
R p i t c h  r a d i u s  
4 p r e s s u r e  ang le  ( t r a n s v e r s e )  
D e t e r m i n a t i o n  o f  t h e  t o t a l  s l i d i n g  d i s t a n c e  ( x )  
p a s t  a s p e c i f i c  p o i n t  o f  c o n t a c t  i s  t h e  most i m p o r t a n t  
c a l c u l a t i o n  t o  be made. I t  can be de te rm ined  as follows 
i s  t h e  i n v o l u t e  base c i r c l e  r a d i u s  
I 
x = V  bC 
5 s  Y 
where 
( 4 )  
V s s  s l i d e - t o - r o l l  r a t i o  = V s / V r  de te rm ined  a t  t he  end 
V s  
V r  wp = r o l l i n g  v e l o c i t y  
p R s i n  $1 = r a d i u s  o f  c u r v a t u r e  a t  p o i n t  i 
w r o t a t i o n a l  v e l o c i t y ,  rad /sec  
1 o f  a c t i o n  where i t  i s  a maximum 
V r 1  - Vr2 = s l i d i n g  v e l o c i t y  
i $i pressu re  ang le  a t  i ns tan taneous  p o i n t  o f  c o n t a c t  i 
' b w i d t h  o f  H e r t z i a n  band o f  c o n t a c t  
~ l Cy t o t a l  number o f  c o n t a c t  c y c l e s  ( l i f e )  
, The s l i d e - t o - r o l l  r a t i o  V s s  may be de termined from 
equa t ions  i n  K h i r a l l a  (1976) or from a Gear Des ign  
Computer program. 
I 
P P  
p = = r e l a t i v e  r a d i u s  o f  c u r v a t u r e  
pP + p9 
F = f a c e  w i d t h  gear  
E' = - and when El = E2: E '  - E/2 
E1 + E2 
v = P o i s s o n ' s  r a t i o  
The c o n t a c t  compressive s t r e s s  can be used t o  c a l c u -  
l a t e  b as f o l l o w s :  
3.63 Scp 
E 
b =  , (for s t e e l  gears  o n l y )  (6) 
where 
0 .35  WNE' 1 / 2  
Fp 1 = compress ive  s t r e s s  (AGMA. 1982) s =  C 
The f l o w  p r e s s u r e  or hardness can be approx imated by:  
p = 1500 BH(ps i )  
where 
BH B r i n e l l  hardness number 
Then the  apparen t  a rea  o f  c o n t a c t  can be c a l c u l a t e d  from 
(7) 
where: F = gear  f a c e  w i d t h ,  i n  combin ing  Eqs. ( 2 ) .  ( 4 ) ,  
and ( 7 ) .  t h e  wear f o r m u l a  can be p resen ted  as: 
A, = b F = Herz ian  c o n t a c t  a r e a  
KWN(VSSbC ) 
3PbF so t h a t  t h e  b ' s  can be c a n c e l l e d  h =  
r e s u l t i n g  i n  t h e  fo rmu la :  
K W N V ~ s C y  
3PF h =  (8) 
p r o v i d i n g  a v e r y  s imp le  f o r m u l a  w i t h  o n l y  on v a r i a b l e  
( V s s )  as a f u n c t i o n  o f  p o s i t i o n  on t h e  l i n e  o f  a c t i o n .  
c a l c u l a t e  t h e  V s s  va lues  a t  t h e  extreme p o s i t i o n s  on 
t h e  l i n e  o f  a c t i o n  as shown i n  Tab le  I .  The normal 
I n  p r a c t i c e  a gear computer program may be used t o  
2 
wear on the  p i n i o n  must be added to  t h e  wear on t h e  
gear t o  o b t a i n  t h e  t o t a l  wear a t  a s p e c i f i c  p o i n t  on 
the  l i n e  o f  a c t i o n .  
Thus, i f  we observe  i n  Eq. (8) t h a t  t h e  grouped 
parameters 
- i:F form a cons tan t  for a g i v e n  gear  s e t  and t h a t  
t h e  t o t a l  wear can be f o r m u l a t e d  as :  
KWN 
Ihl = hp l  + h g l  = 3pF (Vss lCy l  + Vss2Cy2) 
F u r t h e r ,  t h e  c o n t a c t  c y c l e s  for  t h e  p i n i o n  can be 
c a l c u l a t e d  from: 
cy1 = "g cy2  
where 
mg gear r a t i o .  Thus: 
KWNC 2 
E h l  = -g# (mgVsspl + Vssgl)l a t  OD of gear ,  and 
( 9 )  
Eh5 = & KWNC 2 (mgVSsp2 + Vss92)5 a t  OD o f  p i n i o n .  
The t a s k  now i s  t o  ba lance t h e  wear a t  t h e  extreme 
ends o f  t h e  l i n e  o f  a c t i o n  (see F i g .  2)  so t h a t  
Ehl = Ehg. 
addendum o f  t h e  p i n i o n  and gear  on s tandard  c e n t e r s .  
Thus Aap = -hag i s  a d j u s t e d  u n t i l :  
Th i s  can be accompl ished by a d j u s t i n g  the  
EV1= ( m  g V ssp1+ v s s g l ) l =  (mgVSsp2+ vssg2)5= Ev5 (10) 
for  t h e  o p p o s i t e  ends o f  t h e  l i n e  o f  a c t i o n  where 
Aap addendum m o d i f i c a t i o n  on p i n i o n  = ANp/2Pd 
Aag addendum m o d i f i c a t i o n  on gear  = ANg/2Pd 
ANp,g v i r t u a l  change i n  number of t e e t h  
pd d i a m e t r a l  p i t c h  
would be ANp and ANg and t h e  o u t s i d e  d iamete rs  do 
and Do c a l c u l a t e d  from 
There fo re ,  t h e  o n l y  s p e c i a l  d a t a  needed for  i n p u t s  
N + 2 + A N  
'd 
d = *  0 
and 
N + 2 - A N  
b o t h  on s tandard  c e n t e r s .  
D o =  'd 
F i n a l l y ,  as an end r e s u l t  t h e  d e s i g n e r  would want 
t o  know t h e  change i n  p o i n t i n g  accu racy  as a r e s u l t  o f  
wear. T h i s  can be c a l c u l a t e d  from: 
Eh, 
or 
180 Chl 
nRb 
el = -degrees, and 
e5 = - Eh5 r a d  
Rb 
or 
180 Lh5 
-degrees, so t h a t  by des ign  
nRb e5 
(12)  
(13)  
e l  e5 
I f  Eq. (10) i s  n o t  t r u e ,  t h e  addendum m o d i f i c a t i o n s  
Aap = -Aag a r e  i t e r a t e d  u n t i l  Eq. (10) i s  t r u e  w i t h i n  
an accep tab le  t o l e r a n c e  (say  1 p e r c e n t ) .  
A SPECIFIC EXAMPLE 
L e t  
D iamet ra l  P i t c h  Pd I 48 
Number of t e e t h  i n  p i n i o n  
Pressure  ang le  41 = 20" 
Number o f  t e e t h  i n  gear  Ng = 120 
Gear base r a d i u s  
Gear r a t i o  = 5 
Addendum m o d i f i c a t i o n  
Ou ts ide  d iamete r  o f  p i n i o n  
Ou ts ide  d iamete r  o f  gear  Do = 2.54166 
The r e s u l t s  o f  t hese  i n p u t s  t o  a gear computer program 
p r o v i d e d  t h e  o u t p u t  shown i n  Tab le  1 .  The u n d e r l i n e d  
o u t p u t  va lues  V s s l  and Vss2 a r e  s u b s t i t u t e d  i n t o  
Eq. (10)  as f o l l o w s  
Np = 24 
Rb = 1.1746 
ANp = -ANg = 0 
do = 0.54166 
EV1 = (51-2.47011 + 0.7118)1 # (5x.4386 
+ 1-0.78141)5 = EV5 13.0623 1 2 . 9 7 4 4  
a c o n s i d e r a b l e  mismatch r e s u l t s  h e r e .  The p o i n t i n g  
e r r o r s  due t o  wear t h a t  r e s u l t  he re  would be (from 
Eas. (12 )  and ( 1 3 ) ) :  
KW C 
1 el = Zhl/Rb where Ehl 3 3PF 
5 ~ 1 0 - ~  (11.125) 1 2 . 6 ~ 1 0 - ~  13.0623 o.02491 
3 x 980 250 x 0.125 Ehl = 
e, = 0.02491/1.1746 = 0.0212 r a d .  or 1.2" 
KW C 
e5 = Eh5/Rb where h5 - e CV5 0.005671 
e5 = 0.005671/1.1746 = 0.0048 r a d .  or 0.28O 
' r a d  ( 1 1 )  el = 3 
3 
a l s o  t h e  t o p  l and  o f  the  p i n i o n  would have been reduced 
would have been reduced by wear 0.0236 i n .  (66  p e r c e n t )  
o f  t h e  t o o t h  th i ckness .  A f t e r  seve ra l  i t e r a t i o n s  t h e  
I from 0.0144 t o  0.0109 and worse t h e  p i n i o n  root (LPC) 
1 f i n a l  des ign  r e s u l t e d .  L e t :  
I 
Np = 24, Ng = 120, ANp = 0.96, ANg = -0.96 
~ 
Ou ts ide  d iameter  o f  p i n i o n  do = 0.561666 
I Ou ts ide  d iameter  o f  gear Do = 2.521666 
! The computer o u t p u t  i s  shown i n  Tab le  11. The u n d e r l i n e d  o u t p u t  va lues  a r e  s u b s t i t u t e d  i n t o  Eq. (10) 
as follows 
EV1 = (51-0.67251 + 0.4021) Z (5x.5332 
+ 1-1.14221)2 = LV5 3.7646 z 3.8082 w i t h i n  1 p e r c e n t .  
A good match i s  p r o v i d e d  he re .  The p o i n t i n g  
e r r o r s  t h a t  would r e s u l t  a re :  
e l  = 0.00718/1.1746 = 0.00611 rad ,  or 0.350" 
e5 = 0.00726/1.1746 = 0.0618 rad ,  o r  0.354" 
T h i s  i s  a s u b s t a n t i a l  r e d u c t i o n  i n  p o i n t i n t  e r r o r  
e l  caused by wear f r o m  t h e  o r i g i n a l  s tandard  gear 
des i gn . 
I t  shou ld  be no ted  he re  t h a t  t h e  above e r r o r s  e l  
and e5 a r e  due t o  wear o n l y  and m u s t  be added to  t h e  
o r i g i n a l  b a s i c  e r r o r  due to  back lash  and t o o t h - t o - t o o t h  
compos i te  e r r o r s  t o  g e t  a t o t a l  p o i n t i n g  e r r o r  a t  t h e  
end o f  l i f e  a f t e r  C y l  and Cy2 c y c l e s  o f  t h e  p i n i o n  
and gear  r e s p e c t i v e l y .  
The gear wear l i f e  can be t h e  c r i t i c a l  f a i l u r e  
c r i t e r i a .  A s  an example. c o n s i d e r  an i n s t r u m e n t  t h a t  i s  
cons ide red  i n o p e r a b l e  i f  i t s  p o i n t i n g  e r r o r  exceeds 
0.2". We would c a l c u l a t e  i t s  l i f e  as f o l l o w s .  L e t ' s  
say t h e  d e s i r e d  l i f e  i s  15 000 000 c y c l e s  ( C  ) ove r  
t h r e e  yea rs  and we de te rm ine  t h a t  a l l o w a b l e  gack lash  i s  
ea = 0 .2"  x n /180  x Rb 
I 
l ea = 0.00349 x 1.1746 = 0.0041 i n .  a t  wear o u t .  
S u b t r a c t  0.0018 i n .  fo r  i n i t i a l  back lash  p l u s  
t o o t h - t o - t o o t h  composi te e r r o r  (when new) t o  g e t  
0.0023 i n .  a l l o w a b l e  for  wear. Us ing  f o r m u l a  ( 9 )  we 
de termine t h a t  c a l c u l a t e d  wear dep th  h o v e r  3 yea rs  
i s  0.049 i n .  Thus t h e  p r e d i c t e d  wear l i f e  w i l l  be 
0.0023/0.0049 x 3 yea rs  = 1 .4  yea rs  or 16.9 m n t h s .  
S ince  t h i s  i s  l e s s  than  i s  d e s i r e d ,  a d e s i g n  m o d i f i c a -  
t ion would be necessary .  
I t  shou ld  a l s o  be no ted  t h a t  t h e  c h o i c e  o f  gear 
arrangement can a l s o  be v e r y  i m p o r t a n t  i n  m i n i m i z i n g  
gear  d r i v e  p o i n t i n g  e r r o r .  b u t  t h i s  i s  beyond t h e  scope 
o f  t h i s  paper .  
CLOSURE 
The b a s i c  t o o l s  have been p r o v i d e d  i n  t h i s  paper 
fo r  t h e  m i n f m i z a t i o n  of p o i n t i n g  e r r o r  due t o  wear 
th rough  m o d i f i c a t i o n  of s tandard  gear t o o t h  geometry,  
a l s o  an example has been p r o v i d e d  t o  c l e a r l y  i l l u s t r a t e  
t h e  use o f  t h e  method. 
T h i s  method i s  e a s i l y  adapted t o  o t h e r  t ypes  o f  
gears  u s i n g  t h e  same p r i n c i p l e s .  Th is  i s  a f i r s t  
a t t e m p t  a t  q u a n t i z a t i o n  o f  gear wear and e s p e c i a l l y  i t s  
e f f e c t  on gear  l i f e  i n  terms o f  an a l l o w a b l e  p o i n t i n g  
i naccu racy .  
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TABLE I. - COMPUTER PRINTOUT FOR SLIDING AND HERTZ STRESS AT 5 POINTS ON THE TOOTH 
PROFILE 
6.82 
17.87 
20.85 
21.82 
32.87 
L o c a t i o n  on 
t o o t h  p r o f i l e  
( a )  
1.22 4.23 -3.01 3 .01  50  808 -2.4701 0 .7118 
3 .20  3 .84  -0 .64  0 . 6 4  57 094 -0.2005 0 .1670 
3 .73  3 .73  -0.00 0.00 53 600 0.0000 0.0000 
3.90  3 . 7 0  0 .21  -0.21 52 646 0 .053 1 -0.0560 
0 .4386 -0.7814 5 .88  3 .30  2 .58  -2.58 26 206 ~~ 
R o l l i n g  S l i d i n g  
v e l o c i t y ,  v e l o c i t y ,  
i n . / s  i n . / s  
H e r t z i a n  Spec i  f i c 
s l i d i n g  r a t i o  
aCode f o r  l o c a t i o n s  on  t o o t h  p r o f i l e :  
1 = S t a r t  o f  A c t i v e  P r o f i l e  (SAP) 
2 = Lowest P o i n t  o f  S i n g l e  Tooth  C o n t a c t  (LPSTC) 
3 = P i t c h  p o i n t  (P) 
4 = H i g h e s t  P o i n t  o f  S i n g l e  Too th  C o n t a c t  (HPSTC) 
5 = End o f  A c t i v e  P r o f i l e  (EAP) 
TABLE 11. - COMPUTER PRINTOUT FOR SLIDING AND HERTZ STRESS A T  5 POINTS ON THE TOOTH 
CONTACT 
L o c a t i o n  on  
t o o t h  p r o f  i 1 e 
( a )  
%ode f o r  l o c a  
Rol l  
ang le ,  
c ,  
deg 
13.36 
22.53 
20.85 
28 .36  
37.53 
R o l l i n g  
v e l o c i t y ,  
i n . / s  
V r  1 
2.39 
4.03 
3 .73  
5 .07  
6.71 
V r  2 
4 .00  
3 .67  
3 .73  
3 .46  
3 .13  
ons on  t o o t h  p r o f i l e :  
S 1  i d i  ng 
v e l  o c i  t y  , 
i n . / s  
0 .36  -0 .36  
-0.00 0.00 
1.61 -1.61 
3 . 5 8  -3 .58  
1 = S t a r t  o f  A c t i v e  P r o f i l e .  (SAP) 
2 = Lowest  P o i n t  o f  S i n g l e  Too th  C o n t a c t  (LPSTC) 
3 = P i t c h  p o i n t  (P)  
4 = H i g h e s t  P o i n t  o f  S i n g l e  Too th  C o n t a c t  (HPSTC) 
5 = End o f  A c t i v e  P r o f i l e  (EAP) 
H e r t z i a n  
s t r e s s ,  
1 by i n .  
0 
51 988 
44 858 
47 710 
16 479 
s l i d i n g  r a t i o  
" s s l  
-0.6725 
0.0892 
-0.0000 
0 .3177 
0.5332 
0.4021 
-0.0980 
0.0000 
-0.4657 
-1.1422 
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\ DISTANCE I 
LINE OF ACTION 
FIGURE 1. - SLIDE DISTANCE ON LINE OF ACTION. 
I 
ALI ION 
FIGURE 2. - WEAR DEPTH ON LINE OF ACTION. 
6 
National Aeronautics and 
Report Documentation Page 
Space Administration 
I - i t  Accession No. ' '  Report No' NASA TM-101457 
17. Key Words (Suggested by Author(@) 
I z. Laovernrnen 
18. Distribution Statement 
~ . - -~  
AVSCOM TR-88-C-033 I 
4. Title and Subtitle 
Wear Consideration in Gear Design for Space Applications 
Wear; Lubrication; Gears; Space; Transmission error 
7. Author(@ 
Lee S. Akin and Dennis P. Townsend 
Unclassified - Unlimited 
Subject Category 37 
9. Performing Organization Name and Address 
19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No of pages 
Unclassified Unclassified 8 
NASA Lewis Research Center 
Cleveland, Ohio 44135-3191 
and 
Propulsion Directorate 
U.S. Army Aviation Research and Technology Activity-AVSCOM 
Cleveland, Ohio 44135-3127 
12. Sponsoring Agency Name and Address 
National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 
and 
U.S. Army Aviation Systems Command 
St. Louis, Mo. 63120-1798 
22. Price' 
A02 
3. Recipient's Catalog No. 
5. Report Date 
6. Performing Organization Code 
8. Performing Organization Report No. 
E4532 
10. Work Unit No. 
505-63-5 1 
1 L 1622mA47A 
11. Contract or Grant No. 
13. Type of Report and Period Covered 
Technical Memorandum 
14. Sponsoring Agency Code 
15. Supplementary Notes 
Prepared for the Fifth International Power Transmission and Gearing Conference sponsored by the American Society of 
Mechanical Engineers, Chicago, Illinois, April 25-27, 1989. Lee S. Akin, California State University, Long Beach, 
California 90815 (work funded under Grant NAG3-20) and Dennis P. Townsend, NASA Lewis Research Center. 
16. Abstract 
A procedure is described that was developed for evaluating the wear in a set of gears in mesh under high load and 
low rotational speed. The method can be used for any low-speed gear application, with nearly negligible oil film 
thickness, and is especially useful in space stepping mechanism applications where determination of pointing error 
due to wear is important, such as in long life sensor antenna drives. A method is developed for total wear depth 
at the ends of the line of action using a very simple formula with the slide to roll ratio V,/V,. A method is also 
developed that uses the wear results to calculate the transmission error also known as pointing error of a gear 
mesh. 
I I I 
'For sale by the National Technical Information Service, Springfield, Virginia 221 61 NASA FORM 1626 CCT 86 
